Yeasts are generally considered to be unable to ferment starch. This lack of diastatic activity is the reason for the use, in fermentation industries, of barleymalt and fungal diastase preparations for the conversion of starchy substrates to sugars which may be attacked by the yeasts. If there should exist in nature yeasts which possess active amylase systems, they might be of much scientific and industrial interest. Investigations by the authors have revealed pronounced diastatic activity by strains of the species Endomycopsis fibuliger, and the present paper presents these studies.
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L. *ICKERHAM, L. LOCKW6OD, 0. PETIOEN AND G. WARD yeasts to varieties of Lindner's species, which she classified as Endomycop8i8 fibuliger. She indicated that there was a quantitative rather than a qualitative difference between these varieties in their fermentation of maltose.
The authors' interest in the diastatic properties of strains of Endomycopsis fibuliger was aroused early in 1942, when it was observed that 14 unidentified strains of filamentous yeasts obtained from Dr. Norman C. Laffer, now of the U. S. Army Service Forces, produced extracellular amylase. Dr. Laffer had isolated these yeasts from macaroni and from flour used in the preparation of macaroni. Biochemical and morphological studies of the yeasts showed them to be strains of E. fibuliger. Following this identification, six strains of E. fibuliger obtained from the American Type Culture Collection (ATCC) were also investigated and found to be diastatically active, to substantially the same degree, when tested by the petri dish method on 1 per cent soluble starch agar medium in the standard bacteriological manner. The maximum colony diameters produced by the ATCC strains (10.5 to 15.7 mm) were somewhat larger than those produced by the Laffer strains (7.0 to 9'.7 mm), but the cleax zones surrounding the colonies, indicating starch hydrolysis, were of about the same width (5.5 to 8.2 mm). Strains of Saccharomyces cerevisiae, S. exiguus, S. logo8, Schizosaccharomyces pombe, and S. octosporus, which have been reported to produce diastase, were also tested by this method but gave no clear zones. Maximum colony diameters ranged from zero for S. octosporus to 5.5 mm for S. exguus. The present work was conducted in order to obtain further information regarding diastase production by strains of Endomycopsis on liquid and solid media, to determine the nature of their metabolic products, and to obtain some indication as to their suitability for use as diastatic agents when grown in symbiosis with other organisms.
The strains available were as follows: NRRL Y-1058 to Y-1071. Fourteen strains obtained from Dr. N. C. Laffer.
The pH was adjusted to 6.8. The corresponding solid medium contained 1.5 per cent agar.
The grain mashes used in this study were of two types: premalted and fully malted. As used in industry, the term "premalted" indicates that only sufficient malt is added to the mash to reduce viscosity for facilitating handling; the term "fully malted" indicates that sufficient malt is added to convert all, or nearly all, the starch to sugar. As used in this report, premalted mashes were prepared by placing the ground grain in distilled water, adding an amount of freshly ground distillers' malt equal to 1 per cent of the weight of the grain, and heating the suspension with constant stirring at 70 C for 30 minutes to promote liquefaction of the starch. Then 0.2 per cent of calcium carbonate was added and the medium autoclaved for I hour. The same steps were taken in the preparation of fully malted mashes. In addition, after placing the carbonate in the premalted mash, it was autoclaved for 1 hour to gelatinize the starch and then cooled to 55 C, after which 7 per cent malt (on the basis of the weight of the grain used) was added. The temperature was maintained at 55 C for 1 hour to promote saccharification. Then the medium was cooled to 30 C and inoculated. Where diastasic yeast preparations were used for hydrolyzing the starch, the mash was premalted, autoclaved, and cooled to 30 C before adding the preparation.
Analysis of the wheat used in the alcohol production study showed, on a dry basis, Stelling-Dekker (1931) found that all of the strains of E. fibuliger which she studied caused a weak fermentation of glucose, maltose, and sucrose. Tests made with both the Laffer and the ATCC strains were in agreement with her report. There was a marked difference in the rates at which media of relatively low sugar concentration were fermented by the two groups. The Laffer strains fermented 2 per cent solutions of glucose and maltose and 10 per cent wort much more rapidly than the ATCC strains. The evolution of gas took place with all 14 of the Laffer strains within 24 hours after inoculation of the media containing 2 per cent glucose or maltose, but only one strain of the ATCC group produced gas in either glucose or maltose in less than 10 days. Strains Y-25 and Y-76 apparently did not produce gas from 2 per cent glucose or maltose throughout an incubation period of 18 days. All strains of both groups produced gas in 10 per cent wort, but here again the ATCC strains fermented at a markedly slower rate.
All The ability of the Laffer strains to ferment unaerated starchy substrates was first investigated. After these strains were incubated for 6 days at 30 C, in 10 per cent soluble starch broth in 16 mm Durham fermentation tubes, the inserts contained 10 to 70 per cent of gas. The same strains, grown on 5 per cent premalted corn mash, required 6 to 8 days to effect the complete disappearance of starch.
The effect of aeration on the rate of growth and diastatic activity was determined by cultivating Endomycopsis Y-1062 in a 15 per cent premalted wheat mash, at varying rates of aeration. The culture vessels were 38 X 300 mm pyrex test tubes, provided with aeration means consisting of 5 mm glass tubing which entered through the cotton plugs and extended to the bottom of the tubes. One hundred ml of mash in each tube were inoculated with 5 ml of an aerated 15 per cent mash culture of strain Y-1062 and incubated at 30 C. Duplicate tubes were aerated with humidified air at rates of 10, 25, 50, 75, and 100 ml per minute, and one pair received no air other than that resulting from diffusion through the cotton plug. All tubes, when inoculated, contained approximately 9 million cells per ml, as determined by hemocytometer counts. After 48 hours of incubation, the non-aerated tube contained an average of 27 million cells per ml; the aerated tubes, in order of increased aeration, contained an average of 200, 271, 304, 366 , and 387 million cells per ml. When aerated at the specified rates, incubation periods of 4 to 6 days were required for the complete disappearance of starch from the 15 per cent wheat mash.
The incubation periods required to hydrolyze the starch in the aerated and unaerated liquid cultures are longer than would be expected for systems of high diastatic activity. Accordingly, experiments were made to determine the course of diastase production when the yeasts were grown on solid media of a porous nature, such as bread or bran.
The activities of 4 ATCC yeasts and 7 Laffer yeasts on bran were first investigated. Bran cultures were prepared by placing in 200-ml Erlenmeyer flasks 5 g of wheat bran, 25 ml of distilled water, and 0.05 g of calcium carbonate. Sandstedt (1933) . It is a measure of the reducing value of the starch hydrolysis products resulting from the action of 1 gram (dry weight) of the enzyme-containing material under specified conditions. These methods were designed for the determination of barley malt amylases. It is possible that the yeast amylase system is not analogous to the malt system. Only one enzyme may be present because the ratio of alpha to beta amylase does not vary greatly, and these variations may be due to the methods used. A more complete investigation of the diastase produced by these yeasts would be of interest.
The cultures from the two sources fall into two well-defined groups, the ATCC strains being consistently higher than the Laffer strains in both alpha-amylase and beta-amylase production.
The order of arrangement of ATCC strains for decreasing alpha-amylase production was: Y-25, Y-76, Y-704, and Y-77; the order for decreasing beta. Because strain Y-25 gave high yields of alpha and beta amylase in the previous experiment, it was selected for demonstration of the amounts of alpha and beta amylase produced in bread and bran cultures after various periods of incubation. The bread medium consisted of half slice portions of crust-free, white bread sterilized in cotton-stoppered 200-ml Erlenmeyer flasks. For the preparation of the inoculum, this medium was inoculated with 8 ml of a 1 per cent soluble starch broth culture of strain Y-25; after 3 to 12 days' incubation at 30 C, the bread culture was flooded with 100 ml of soluble starch broth and allowed to stand an additional 2 days at 30 C, after which time 5-ml aliquots of the suspension were used to inoculate the bread medium or bran medium for the measurement of enzyme production. To provide sufficient moisture, the bread cultures received an additional 3 ml of water at this time. All flasks were placed at 30 C, and duplicate cultures of each medium were analyzed obtainable from the starch and sugar contained in the wheat of the mash. It will be noted that extremely low alcohol yields were obtained.
As the yeasts of this species appeared to respond favorably to aeration, the extent of alcohol production was determined in similar mashes which were aerated during the first half of the incubation period. One-hundred-ml portions of mash were placed in large pyrex test tubes equipped for aeration, as previously described. Each tube received 2 ml of cell suspension prepared from bread cultures of individual strains, and was aerated with 10 ml of air per minute during the first 48 hours, but was not aerated thereafter. Alcohol analyses and fermentation efficiencies for these cultures are also presented in noteworthy and can probably be attributed in part to an increased population as a result of the aeration. The poor yields of alcohol produced by strains Y-25 and Y-76, which were found to be superior strains for diastase production in bran cultures, are notable.
MIXED CULTURE OF ENDOMYCOPSIS FIBULIGER AND SACCHAROMYCES

CEREVISIAE
Since the highest efficiency in the preceding experiment was only 54' per cent, an experiment was conducted in which. individual E. fibuliger strains acted the activity of these two groups is discernible in the data from the butylene glycol study.
The total yields of butylene glycol, ethyl alcohol, and acetylmethylcarbinol produced by A. aerogenes were approximately the same whether distillers' malt or bread cultures of E. fibuliger strains were used; when malt was used, however, the ratio of butylene glycol to alcohol was normally 3:1 to 5:1 or even higher, whereas 2.85:1 was the highest obtained with any of the yeast strains in the aerated, and 1.83:1 was the highest in the unaerated, cultures. The use of E. fibuliger in the butylene glycol fermentation appears to be limited by the tendency of the yeast to give rise to a significant amount of alcohol, which reduces the amount of butylene glycol that can be produced from the fermentable carbohydrate.
Morphologically, the Laffer strains in slide cultures grew mainly in the form of blastospores which were produced in large numbers along the hyphae, whereas the ATCC strains grew almost entirely as nearly sterile hyphae. It Two groups of E. fibuliger strains were studied. One consisted of 6 ATCC strains; the other, of 14 relatively recent isolations. The members of the former group produced more amylase but were less fermentative than those of the latter group. Most of the ATCC strains produced ascospores readily, whereas only two of the more recently isolated strains produced them, and then in very small numbers.
A study was made of E. fibuliger as the saccharifying agent in alcohol and butylene glycol fermentations. Wheat mash cultures of E. fibuliger gave unsatisfactory saccharification. When used alone in the saccharification and alcoholic fermentation of wheat mash, bread cultures of various strains produced from 13.2 to 54.0 per cent of the theoretical yield of alcohol; when such cultures were used in association with Saccharomyces cerevisias, 63.7 to 78.3 per cent of the theoretical yield of alcohol was obtained. Three-day-old bran cultures of 7 strains gave 58.1 to 74.8 per cent of the theoretical alcohol yield. Alcohol yields by S. cerevisiae from similar malt-saccharified mashes averaged about 80 per cent of the theoretical.
The use of Endomycopsis cultures for hydrolysis of starch in the butylene glycol fermentation gave total yields of butylene glycol, ethyl alcohol, and acetylmethylcarbinol equivalent to the yields obtained with malt-saccharified mashes. The amount of alcohol produced in the mashes saccharified by Endomycopsis, however, was greater than the amount produced in malt-saccharified mashes. This is believed to be the first demonstration of an extracellular amylase system in a member of the Endomycetaceae (sensu Stelling-Dekker) or related imperfect yeasts.
